Abstract: Ultrasonic excitation of shear waves is important for elasticity imaging of biological tissue. In the shear wave elasticity imaging shear strain is remotely induced in tissue by the radiation force of focused modulated ultrasound. Previous study bas shown that tone bursts of millisecond duration at megahertz frequencies with intensities and exposures typical for diagnostic ultrasound may induce bulk radiation force of the order of 0.01 N/cm3 and shear displacements of the order of 10 microns.
INTRODUCTION
Acoustic radiation pressure gives rise to acoustic streaming in liquids. In solids, where such hydrodynamic flows are impossible, elastic stresses occur. As a consequence, the sound absorption region should become the source of elastic perturbations, in particular, shear waves. Shear stresses are more pronounced in the region of high gradients of the acoustic wave intensity. Observations of shear waves radiated from the focal region of a focused ultrasonic tone burst beam have been performed in previous study (1) . The purpose of this work is to present the results of shear wave excitation by means of single submicrosecond focused shock pulse (Fig.la) .
MATERIALS AND METHODS
Light of a powerful infrared Nd-glass laser was absorbed in optoacoustic cell I (Fig. lb) to produce a focused acoustic beam in tank of water 2. The temporal profile of an acoustic pulse in the focal region is shown in Fig. la . Shock front amplitude was about p =300 bar. A transparent polymer block 3 (Fig.lb) with dimensions of 20x20~23 mm3 was positioned in the focal region of the acoustic beam. The polymer (polydimethylsiloxan) block was specially prepared to have a low shear modulus ~=11500 Pa, this value was measured in static regime. The polydimethylsiloxan density is of p=0.98,103kg/m3, so that the calculated shear wave speed equals to Shear waves in the block 3 were registered as follows (see Fig.lb ). An optical beam 4 from a He-Ne laser was focused by a lens 5 at an edge of one of the particles 6 placed in the block. The remaining part of the beam fell on a photodiode 7. The photodiode signal was proportional to the light power. When shear wave propagated in the polymer, the particle was being shifted and was thus opening or closing the laser beam. The corresponding photodiode signal was sent onto a storage oscilloscope, which was triggered by high power laser pulse.
The order of steps in the measurement was as follows. First, the light focal waist was pointed at some appropriate particle in the thickness of the polymer block. Then, the registration system was calibrated by the block shifting parallel to the acoustical axis. After that, the block was fixed in a position corresponding to a linear portion of the calibration curve. Typically a sensitivity was of about 20 mV/w, so shear wave with an amplitude of 1 pm was easily registered. Finally, the shear wave temporal profiles were registered by the oscilloscope in different points at the focal plane of the ultrasound beam. The distance between the observation point (i.e. the He-Ne laser light focal point) and the acoustic beam focus was varying by shifting the acoustical beam.
RESULTS

Fig
.lc presents oscillograms associated with different distances between the observation point and the acoustical axis. It is seen that the shear wave looks as a single unipolar pulse. The medium is displaced by this wave in the direction of ultrasound propagation. The delay of the shear wave increases and its amplitude decreases with the transversal coordinate. Very important indicator of shear character of the observed wave is a value of the wave temporal delay. The obtained shear wave speed is 3+1 m/s, i.e. in accordance with its calculated value.
In theoretical consideration of slightly convergent acoustic beam with circular cross-section of radius a, the shear displacement may be considered as being parallel to the longitudinal wave beam axes. Taking into account the nonlinear absorption alone, it was found that the maximum shear wave displacement U,, near the focal region of longitudinal wave is given by:
It is important that in case of the shocked pulse the maximum shear U,,, is proportional to the acoustic pressure in the third power. This peculiarity is similar to that associated with ultrasound-induced heating in shock regime (2) . Note that in linear case U,, -p* (1) . Assuming the value of radius of acoustic beam a =0.5 mm, parameter of nonlinearity E =4, the Eq.(l) gives: U,, =I p.
This estimate is in a good agreement with the experimental results.
CONCLUSIONS
The presented investigation demonstrates that a focused beam of shock pulse, propagating in the absorbing solid material, may excite a shear wave. In the rubber-like material this effect is shown to be easily detectable. The developed theory correctly describes the process. It is to be noted also, that, thanks to a use of focused ultrasound, the shear wave has been generated in a focal region in the thickness of the medium. This gives a possibility for nondestructive testing of materials.
